The organophosphorus insecticides are an important group of substances used in agricul tural practice. They can interrupt the nerve impulse of vertebrates by blocking the enzyme cholinesterase which is an essential neurotransmitter (O'Brien 1969 , Karczmar et al. 1970 , Aldrige 1971 , Fukuto 1971 . This blockade is due to the phosphorylation of the hydroxylserine group on the active enzyme site (Fest and Schmidt 1973) .
Another important aspect of these compounds is their alkylating property (Preussmann 1969 , Lofroth 1970 , Bedford and Robinson 1972 , Wooder and Wright 1981 , although it is not known what type of alkylation in nucleic acids is responsible for their various biological effects (Loveless 1969) .
The damage produced by organophosphorus insecticides to the genetic material is one of the toxicological risks seldom taken into consideration despite their potential effects on human health. It is important to determine the behavior of organophosphorus type compounds on DNA and one way to do so is by carrying out different genotoxic assays with various biological organisms. In general, the direct genotoxic assays in animals are expensive and time con suming. Plants, however, provide a suitable alternative for the detection of the effects of chemical pollutants (de Serres and Shelby 1978, Constantin and Owens 1982) . Different characteristics of Vicia faba and its root tip chromosomes make this plant a widely used orga nism in cytogenetics (Ma 1982) .
A reliable test to evaluate the damage produced by chemicals is the sister chromatid ex change (SCE) assay used to detect the cytogenetic effects of environmental carcinogens and mutagens (Kato and Shimada 1975 , Solomon and Brobow 1975 , Stetka and Wolff 1976 , Latt et al. 1981 .
It has been shown in Vicia faba that several agents which produce chromosomal aberra tions also increase the number of SCE (Kihiman and Sturelid 1978) .
Due to the wide distribution and the high toxicity of pesticides as well as their potential genetic risks to the human population, it is important that additional genotoxic studies be carried out. In this paper, the organophosphorus insecticides methyl parathion, dimethoate, oxydemeton methyl, azinphos methyl and phoxim are used to evaluate the induction of SCE's in chromosomes of meristematic root-tip cells of Vicia faba.
Material and methods
Vicia faba seeds were germinated between two cotton layers moistened in tap water. The and chromosomal aberrations have been induced in meiotic and mitotic cells (Kaur and Grover 1985a, b) . Methyl parathion has been reported to break the plasmid El DNA of E . coli (Griffin and Hill 1978) and induce mitotic gene conversion in Saccharomyces cerevisiae (Fahrig 1974 Mohn (1973) and Wild (1975) have reported it as non-mutagenic in E . coli.
Likewise, methyl parathion did not induce dominat lethals in mice (Jorgenson et al . 1976 ). The growth of three human hematopoietic cell lines was inhibited by methyl parathion but it did not induce chromosomal aberrations (Huang 1973) neither in the lymphocyte cultures of plant workers chronically exposed (de Cassia Stocco et al. 1982 ). This disagrees with Yoder et al. (1973) who found chromosomal aberrations in lymphocytes of agricultural workers during extensive occupational exposure, and with van Bao et al . (1974) who observed a significant in crease of chromosomal aberrations in acutely intoxicated persons . Chen et al. (1981) induced SCE and cell cycle delay in the human lymphoid cell line B35M and in Chinese hamster cell line V79 with methyl parathion . Sobti et al. (1982) also found methyl parathion to increase SCE in another human lymphoid cell line (LAZ-007) and Grover and Malhi (1985) observed the induction of micronuclei in bone marrow cells in rat . Dimethoate (Rogor) This insecticide did not increase the number of SCE significantly at 0.5ppm but it did at both 1.0 and 2.0ppm. A dose dependent-effect relationship was not observed. However, the induction of SCE was more than double the control frequency (Table 3 ). Higher concentra tions damaged the tissues which did not allow us to make an analysis at higher levels.
Differences in results have also been described with this compound. In Hordeum vulgare, dimethoate induced chromosomal aberrations in mitotic and meiotic cells (Kaur and Grover 1985a, b) . In Vicia faba, chromosomal alterations and a decrease in the mitotic index were observed (Amer and Farah 1974) . In E. coli K12, dimethoate induced 5-methyl tryptophan resistant mutants (Mohn 1973) , streptomycin resistant mutants (Wild 1975 ) and a positive in the reversion assay system in E. coli and in S. typhimurium TA100 (Moriya et al. 1983) . Dimethoate was also positive in S. typhimurium G46 in treated mice using the host mediated assay (Ulna Rani et al. 1980) . Shirasu et al. (1976) did not find revertants in the B. subtilis rec-assay. Mitotic gene con version (ade 2 and trp 5 loci) was induced by dimethoate in S. cerevisiae (Fahrig 1974) but in Schizosaccharomyces pombe the mutation frequency was not increased at the ade 6 locus (Gilot-Delhalle et al. 1983) . Sobti et al. (1982) observed an increase in SCE in human lymphoid cell lines. Van Bao et al. (1974) found a significant increase in chromosomal aberrations in acutely intoxicated persons. Chen et al. (1981) observed an increase of SCE in the Chinese hamster cell line V79 and Usna Rani et al. (1980) observed an increase in micronuclei in bone marrow cells of mice fed with dimethoate (51.7mg/kg).
Oxydemeton methyl (Metasistox)
In all concentrations, the frequencies of SCE were signicantly above the control. A dose response relationship was not observed because the peak frequency was reached at 0.5 ppm which was almost double the control value (Table 4 ). Higher concentrations damaged the tissues. Oxydemeton methyl is reported to be mutagenic in E. coli (Mohn 1973 , Wild 1975 and to produce mitotic gene conversion in S. cerevisiae (Fahrig 1973 (Fahrig , 1974 . It was found non mutagenic or a weak inducer of recessive sex-linked lethal mutations in Drosophila melanogaster depending on the genetic strain used (Vogel 1974) .
Oxydemeton methyl is considered as to be a weak inducer of SCE since it produced a signi fi cant increase in Chinese hamster V79 cells only at a relatively high dose level (Chen et al. 1982) . It also produced micronuclei in mice bone marrow and SCE in human lymphocyte cultures (Pandita 1983 ).
Azinphos methyl (Guthion or Gusathion)
In all concentrations, the induction of SCE was significant although there was not a con centration-response relationship, thus the highest frequency was obtained at 0.5ppm which decreased at 1.0 and 2.0ppm. Higher concentrations inhibited cell division. In this respect, Alam et al. (1974) described drastic chromosomal anomalies that lead to cell death of Chinese hamster cells (line CHO-K). On the other hand, Antunes-Madeira and Madeira (1979) found that this insecticide dramatically increased the permeability of the liposome membrane. This fact is probably the result of the cell death induced in Vicia faba root tip cells which were treated with higher concentrations than 2.0ppm.
Azinphos methyl is not mutagenic to S . cerevisiae (Riccio et al. 1981) nor will it induce dominant lethal mutations in mice (Jorgenson et al . 1974) . Likewise, it did not increase the frequency of SCE in Chinese hamster V79 cells (Chen et al . 1982) , nor in the central mudmin nows (Umbra limi) (Vigfusson et al . 1983) . But it did produce mitotic recombination in S. cerevisiae (Simmon et al. 1976) , forward mutations in S. cerevisiae and S. pombe (Gilot-Delhalle et al. 1983 ), C-mitotic action in plants (Grant 1973) and chromosome anomalies in Chinese hamster line CHO-KI (Alam et al . 1974 ). Phoxim (Bay 77488) The cytotoxicity of this insecticide proved to be higher than the other organophosphorus pesticides. This is the reason that the concentrations used in this work are the lowest for this compound. However, in addition to methyl parathion, phoxim was the best SCE inducer in Vicia faba. All concentrations produced significant differences from the control and with a concentration of 0.5 ppm the increase in SCE frequency was more than double the control (Table 6) .
This insecticide, which is used mainly in stored grains, is degraded fairly rapidly into non toxic compounds and has a low mammalian toxicity (Mason and Meloan 1976) , however, it was highly toxic to Vicia faba root tip cells.
There are few studies on the genetic effects of this insecticide. It was negative in response for the production of reverse mutations in bacteria (Moriya et al. 1983 ).
Summary
Vicia faba root tips were treated for two hours with several concentrations of the orga nophosphorus insecticides methyl parathion, dimethoate, oxydemeton methyl, azinphos methyl and phoxim, after one incroporation cycle with 5-bromodeoxyuridine (5-BrdUrd). Afterwards, the roots were exposed to a second replication cycle with 5-BrdUrd. The differential stain technique described by Tempelaar et al. (1982) with some modifications was used. The results showed that the two insecticides which are the most effective inducers of SCE are methyl parathion and phoxim.
In no case was a concentration-response relationship observed. The treatments (except with dimethoate 0.5 ppm) produced SCE frequencies which differed significantly from those of the control.
